The thermostable direct hemolysin produced by Vibrio parahaemolyticus showed cytotoxic activity on FL cells derived from human amniotic membrane. Scanning electron micrographs of the whole cells showed that the microvilli on the cell surface decreased in number and changed in shape on treatment with the hemolysin. Most of the microvilli disappeared before death of the cells, as judged from the results of staining the cells with trypan blue and measuring release of alkaline phosphatase from the cells. Electron micrographs of thin sections of the cells showed that the cytoplasm of the cells was not significantly affected by treatment with sublethal amounts of hemolysin, even when the microvilli on the cell surface were significantly affected. Lethal amounts of hemolysin affected the cytoplasm and caused disappearance of the nucleus. These results suggest that the microvilli on the cell surface are affected by treatment with the hemolysin before cytotoxic effects develop.
The thermostable direct hemolysin of Vibrio parahaemolyticus is produced only by Kanagawa phenomenon-positive strains (23) , and its close relation with human pathogenicity has been demonstrated (17) . The hemolysin has been isolated and purified extensively and its physicochemical properties have been characterized (9, 22, 27) . It lyses human but not horse erythrocytes (16, 25) , and the process of its lytic effect on human erythrocytes has been characterized (21) .
We have reported the lethal activity of the hemolysin to small experimental animals (9) , and we have also demonstrated the cardiotoxicity of the hemolysin by electrocardiographic studies and by using cultured mouse heart cells (7) . This paper reports studies on the cytotoxic activity of the hemolysin on FL cells and on the morphological changes of FL cells treated with lethal and sublethal amounts of the hemolysin.
MATERIALS AND METHODS
Preparation of thermostable direct hemolysin. The thermostable direct hemolysin of V. parahaemolyticus WP-1 was purified as described previously (16, 22 Scanning electron micrography. The FL cells were fixed in 0.1 M phosphate buffer (pH 7.0) containing 1% glutaraldehyde for 1 h at 0 C and then in 0.1 M phosphate buffer (pH 7.0) containing 5% glutaraldehyde for 10 min at 0 C, and postfixed for 10 min in 1% osmium tetroxide (pH 7.0) (15) . Then the cells were washed with 0.1 M phosphate buffer (pH 7.0) and dehydrated by passage through a graded series of increasing concentrations of ethanol. To avoid distortions caused by changes in surface tension of the cells on transfer from liquid to air, the cells were treated in a critical-point drying apparatus (Hitachi HCP-1). The cells were examined with a Hitachi HSM-2A scanning electron microscope operated at 20 kV.
Electron micrography. The cells were fixed in glutaraldehyde and osmium tetroxide, and dehydrated in ethanol as described above. Then they were embedded in Epon 812 (13) and thin sections were stained with uranyl acetate (10) and lead citrate (19) . Electron micrographs were taken with a Hitachi HU-11DS electron microscope.
Other procedures. Activity of alkaline phosphatase released from FL cells (6, 8) was determined by the method of King and Armstrong (12) . Viability of FL cells was measured with trypan blue. For this, 0.1 ml of cell suspension was mixed with 0.2 ml of 0.5% trypan blue solution (14) . Then Fig. 1 , when 6.6 x 10`cells were incubated with 5 ,±g of the hemolysin in 1 ml of the medium at 37 C, death of the cells occurred after 20 min and the percentage of cells stained with trypan blue increased with time to a maximum value after about 60 min.
The effect of the hemolysin on the release of alkaline phosphatase from FL cells was also studied (Fig. 1) . Release of alkaline phosphatase occurred in parallel with death of the cells. When 6.6 x 10; cells were sonicated and centrifuged, about 600 units of alkaline phosphatase activity were found in the supernatant fluid. On the other hand, when the same number of cells had been treated with 5 ug of the hemolysin, only 108 units of alkaline phosphatase were found in the supernatant. However, the time course of release of alkaline phosphatase from the cells was quite similar to that of death of the cells measured by trypan blue staining, indicating that the release of alkaline phosphatase from the cells can be used as a parameter of cellular damage by the hemolysin (Fig. 1) .
The cytotoxic effect of the hemolysin on FL cells was compared to its hemolytic effect on human erythrocytes (Fig. 2) . Cytotoxicity was measured as the release of alkaline phosphatase from the cells. When 6.6 x 10) cells were treated with less than 0.5 ,ug of the hemolysin in 1 ml of the medium, no cytotoxicity was (0) was measured by incubating the mixture at 37 C for 60 min, centrifuging it at 3,000 rpm for 10 min, and measuring the absorbance of the supernatant fluid at 540 nm.
observed, but at concentrations of more than 1 Ag of the hemolysin, cytotoxicity was proportional to the amount of hemolysin added and maximal cytotoxicity was observed with 5 to 10 ,ug of the hemolysin. When 6.4 x 107 human erythrocytes were incubated with less than 0.5
Ag of the hemolysin, no significant hemolysis was observed and maximal hemolysis was observed with 5 to 10 Ag of the hemolysin. The patterns of the dose-response curves in these two experiments were very similar (Fig. 2) .
Morphological changes of FL cells treated with the hemolysin. Morphological changes of FL cells induced by treatment with the hemolysin were examined by scanning electron microscopy. Control cells (Fig. 3A) were seen to be completely covered with microvilli. When the cells were treated with the hemolysin (5 ug of the hemolysin per 6.6 x 10; cells) at 37 C, the most marked change was in the morphology of these microvilli. After 5 min of incubation, the number of microvilli on the cell surface had decreased and their shape had also altered significantly (Fig. 3B) . After 20 min of incubation, almost all the microvilli had disappeared (Fig.  3C ). Under these conditions, the cells were not killed as judged from the results of trypan blue staining and release of alkaline phosphatase (Fig. 1) . After 60 min of incubation, more than 95% of the cells had been killed and degradation of the cell surface was observed (Fig. 3D) .
Next the morphological changes of FL cells were studied by electron microscopy. In thin sections of control cells, microvilli were covering the surface of the cells (Fig. 4) . When 6.6 x 10) cells were treated with 5 4g of the hemoly- sin in 1 ml of the medium at 37 C for 5 min, significant changes were observed in the shape of their microvilli, but no significant changes were observed in their cytoplasm (Fig. 5A) . After 30 min of incubation, an electron micrograph showed the disappearance of microvilli as well as significant changes of the cytoplasm and disintegration of the nucleus (Fig. 5B) , and after 60 min of incubation, complete degradation of the cytoplasm and loss of the nucleus were observed (Fig. 5C) .
Morphological changes of the microvilli on the cell surface were also observed when the cells were treated with sublethal amounts of the hemolysin. For instance, when 6.6 x 10o cells were treated with 0.5 )ag of the hemolysin in 1 ml of the medium at 37 C for 60 min, no cell death occurred (Fig. 2) , but the number of microvilli on the cell surface decreased significantly as shown by both scanning electron microscopy (Fig. 6A ) and electron microscopy (Fig.  6B ). Under these conditions no significant changes were observed in the cytoplasm of the cells (Fig. 6B) . DISCUSSION The present data showed that the thermostable direct hemolysin of V. parahaemolyticus ple was prepared as described in the text. The bar has cytotoxic activity on FL cells. Scanning electron micrographs of whole cells and electron micrographs of thin sections of the cells showed that morphological changes of the microvilli covering the surface of the cells were the primary changes induced by the hemolysin. These changes were followed by degradation of the cytoplasm and nucleus. The latter changes might be due to death of the cells, but the changes in the microvilli occurred on treatment with sublethal amounts of the hemolysin.
Several workers have reported that hemolysins produced by various kinds of microorganisms affected various kinds of cells (1) (2) (3) (4) (5) 11 binding of the hemolysin to the cell surface (21) and that the binding site of the hemolysin on the cell surface might be a ganglioside (24) . The difference in sensitivities of various cells to the hemolysin may be explained as due to differences in the binding capacities of these cells to the hemolysin, and possibly to differences in the amounts of the ganglioside that binds the hemolysin on their surfaces. It has been reported that the thermostable direct hemolysin has lethal toxicity (9) and cardiotoxicity (7) . Zen-Yoji et al. (26) showed that administration of 500 ,ug of the hemolysin gave a positive reaction in the rabbit ileal loop test 
